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A  eonaldarabla  portion  of  the  thernal  effect  in  irradiated  trypsin 
aolntiona  nay  be  ascribed  to  increased  thermolability  in  the  protein  mols- 
eules  through  local  nodlfieations  in  structure  [l].  This  fact  has  been  ob¬ 
served  only  indirectly  from  a  modification  in  the  kinetics  of  thermal  de- 
natoratioa.  We  have  undertaken  to  observe  directly  the  difference  in  struc¬ 
ture  beteeen  natural  molecules  of  trypsin  and  molecules  from  a  fraction  of 
the  ensyms  with  latent  damage  deriving  from  ultraviolet  irradiation. 

One  of  the  most  sensitive  methods  for  detecting  structural  changes  in 
protein  molecules  [2]  is  that  of  studying  the  kinetics  of  isotope  exbhanget 
protium  -  deuterium  [3)4]  or  protium  -  tritium  [Sjb]. 

The  first  part  of  our  experiment  consisted  in  isolating  an  active 
trypsin  fraction  which  had  been  irradiated  with  ultraviolet  light  and 
contained  both  latent  damage  (on  the  basis  of  kinetic  data)  and  natural 
trypsin  [7],  In  crder  to  study  proteium-deuterluir  -xchange  kinetics  we  had 
to  perform  lyophylic  drying  of  the  solution  containing  the  active  fraction 
[2],  We  found  that  Under  these  conditions  a  large  part  of  the  trypsin  with 
latent  damage  was  inactivated.  This  turned  us  to  studying  the  kinetics  of 
protium  -  tritium  exfahange  by  using  gel  filtration  m  sefadex  0-25  [t]  to 
separate  radioactive  (tritium)  water  from  the  trypsin  containing  tritium 
atoms  [6],  This  is  a  good  method  in  that  s  highly  accurate  experlnsnt  does 
not  require  high  protein  concentrations.  It  is  soneWhat  limit^  through  its 
inabill^  to  determine  the  total  number  of  exchanged  hydrogen  ions  in  the 
protein  because  of  reverdlble  exchange  with  the  non-aotive  water  on  the 
sefadex  [6].  Whoa  experimental  oonditions  are  oarefUlly  maiUtained,  results 
osn  be  reprodueed  with  an  error  factor  of  ±A%,  This  has  been  verified  by  us 
in  stadyiag  the  kiastics  of  isotope  exchange  in  tryMin  and  in  repeating 
SsflmndiOT's  reemlts  with  crystallie  ribonucloase  [6]. 
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Tig,  1  Klnetlea  of  exbhugo  in  natural  trjrpaln  (1)  and  an  ansyma 
■ixture  containing  natural  trypsin  and  latent  danaga  (2). 
Coneantratlon  >1.38  and  1.30  ag/al  respeotivaly , 

5  M  MaCl,  pH  3.0 

T  axis  •  nuabar  of  tritiua  atoas  exchanged  in  a  single  trypsin 

■olaeula 

Ksyt  k  >  hours. 

The  results  of  our  axperlnant  are  giren  in  Figure  1.  The  following 
procedure  was  Tised  in  separating  irradlation-inaetiTated  trypsin  from  the 
actiwe  fraction,  k  solution  of  the  crystallic  en^ne  with  an  activity  of 
7000  units  (VIEK)  in  10“^n.  H2S0^  (C  »  3.86  ng/nl)  was  Irradiated  with  whole 
light  fron  a  PRI-2  hnlb  until  a  loss  of  57%  of  ensymtlc  activity  was  reached. 
The  inactivated  fraction  was  renoved  hy  salting  out  in  5  M  RaCl  The 
renaining  fraetioa»  Judging  fron  kinetic  data  [7],  must  contain  25%  natural 
and  7SI^  lataat>danage  trypsin.  The  enzyns  concentration  in  the  solution  was 
■easurad.  Than  a  aelution  of  natural  trypsin  of  the  sane  eonoantration  was 
prepared.  This  condition  Bust  he  adhered  to  since  the  nature  of  the  kinetie 
line  (Fig,  2,  a)  depended  substantially  on  the  protein  eonoantration  in 
radioactive  water.  To  the  solutions  of  natural  and  irradiated  trypsin  thus 
obtained  we  added  like  quantities  of  tritium  water  (in  a  lilO  ratio)  with 
an  activity  of  approximately  20  microourie/ml.  Then  these  solutions  were 
poured  out  in  2  series  of  anpoulae  which  were  kept  at  3  >  h?.  kt  certain 
specific  tins  intervals  sanples  from  the  anpoules  (1  milliliter  each)  were 
passed  through  a  silicon  column  with  sefadex  G-25  (3x4  om).  We  found  total 
separation  of  the  trltiun>tagged  protein  and  the  active  water  (Fig.  2,  b). 
Eluent  samples  with  the  maximal  protein  content  (Fig.  2.  b)  were  used  to 
measure  the  nuniber  of  hydrogen  atoms  per  protein  noleeula  exchanged  for  tri> 
tinm  atoms  [6].  The  measurenents  were  made  with  the  6012  liquid  scintillation 
counter  (XsotoperiDevelopnBnt,  Ltd,  England)  and  the  SFh-4  spectrophotometer. 
The  scintillation  counter  Included  the  fdllowing  components i  60  grams  of 
sublimated  naphthalene,  100  millilitem  of  absolute  methanol,  20  milliliters 
of  ethyleneglycol,  0.18  gran  2>alpha>naphthyl-5-phenyloxaBole,  and  1  liter 
of  purified  dlonane  [9].  During  the  course  of  measurements  0.5  milliliter 
of  the  protein  solution  oontalnlng  tritium  was  added  to  5  milliliters  of  the 
solmtlllator  selntlen.  The  nuiber  of  hydrogen  atoms  exchanged  per  protein 
melsomle  mss  collated  a  mell-known  formula  [6].  The  molecular  weight  of 
trypolm  was  tahsm  as  24,000, 
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Fif.  2  •  •  axehan^  klneticB  of  natural  trjrpain  as  a  funetioa 
of  eoneantratlqn 

lO-^n.  H2SO4 

1  -  ooncantratlon  7«0  ng/ml;  2  •  eoncentratioo  1.4  Bg/al 
7  axis  -  nunbar  of  tritium  atoms  axehangad  In  ona  trypsin 
■olsculs. 

b  -  separation  of  tritiun-taggad  trypsin  from  water  eontaiaing 
RIO  on  aafadax  G«25  (awaraga ,  3x4cm) 

1  •  optical  density  at  278  mllliaieroas 

2  •  intensity  of  tritium  count 

KEXi  A  -  hours  B  •  in^ulsas  par  second  C  -  sample  nunbar 

In  Fig.  1  wa  oan  sea  that  the  kinetics  of  isotope  exchange  for  natural 
trypsin  was  aomawhat  different  than  that  of  protein  with  latent  damage  under 
identical  conditions.  The  experiments  described  above  were  perforned  at 
pH  3.0  (dilute  B2S0^K  ^t  this  value  the  trypsin  is  at  maximum  stability. 

A  study  of  hydrogen  atom  exchange  in  trypsin  for  tritium  at  various  pH 
values  showed  that  the  number  of  slowly  exchanged  atoms  (ef.  above)  decreases 
uniformly  as  the  pH  increases.  Hanoe  it  follows  that  the  maximum  sensitivity 
of  the  experiment  will  be  found  at  acidic  readings  for  pH  and  the  selected 
pH  value  is  optimal. 

The  investigation  which  we  made  showed  that  the  method  used  is  the 
most  convenient  for  studying  structural  changes  in  protein  molecules  with 
latent  damage.  Freliminary  experimental  date  give  reason  for  assuming  that 
the  differences  oibserved  in  the  kinetics  of  isotope  exchange  can  be  sxplsinsd 
by  certain  changes  in  the  structure  of  trypsin  molecules  with  latent  damage 
as  compared  with  moleeulss  of  natural  trypsin.  However  definitive  conclusions 
oan  be  made  after  the  experiments  have  been  repeated  with  cbromwtographically 
homogeneona  protein. 
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